Exotic blocks of eclogite from distant localities along the Northern Serpentinite Melange of Cuba have comparable P-T histories that include high-pressure prograde sections (450-600°C, >15 kbar) associated with subduction of oceanic lithosphere, and retrograde sections within the albite-epidote amphibolite facies (<500°C, <10 kbar) related to melange uplift.
INTRODUCTION
The P-T-t histories of high-P metamorphic terranes are diagnostic of the thermal depression(s) associated with plate convergence (Miyashiro, 1961; Ernst, 1976) , and provide first order constraints on the related tectonic processes of subduction, accretion, collision and exhumation. Although there is evidence for a range of variations in their exhumation histories (e.g. Ernst, 1988) , low-T high-P terranes are often characterized by comparatively simple prograde paths (e.g. Ernst, 1977 Ernst, , 1988 Maresch & Abraham, 1981; Schliedstedt, 1990; El-Shazly et al., 1990; Okay et al., 1998) , which would argue for correspondingly relatively simple tectonic histories during subduction. The dynamics of subduction, however, are known to change with time (e.g. subduction velocity, convergence vectors or angle of subduction) and to be complicated by tectonic processes (e.g. offscraping, underplating, slab disruption, melange formation), which could be expected to produce disturbances (i.e. inflections) in the subductionrelated P-T paths that, if properly identified, could provide additional insight into the tectonic history of convergence (e.g. Stu¨we, 1998) . That such P-T inflections have been only rarely described certainly reflects that their detection may be difficult, one primary reason being that the associated textural and compositional evidence may be masked or even completely erased due to enhanced recrystallization during burial and heating. Standard approaches, such as the analysis of relict inclusions within porphyroblasts, are generally insufficient to resolve minor path inflections (although they may contribute if some discrete P-T points can be identified; e.g. Krogh, 1982; Krogh et al., 1994) . In some instances, however, detailed textural observations and thermodynamic evaluation may help resolving P-T inflections (e.g. Stu¨we & Powell, 1995) . One such promising approach has to do with the study of subtle chemical zoning of minerals, in particular of garnet (e.g. Schumacher et al., 1999) . In this paper we describe and discuss an instance of oscillatory zoning in garnet and amphibole in eclogite blocks from Cuba, and show that it could have originated as a consequence of tectonic perturbations affecting a subducting slab.
The occurrence of oscillatory zoning (of Mn) in high-P garnet was pointed early by Dudley (1969) and Bradshaw (1978) in Franciscan rocks. In his thorough review of high-P garnet, Ghent (1988) considered three origins for upturns in Mn: (a) the episodic release of Mn from some other mineral (e.g. chlorite) which became unstable at the time of garnet growth, (b) replacement of garnet, with associated preferential partitioning of Mn by the dissolving rim and volume diffusion of Mn towards the garnet interior, and (c) reaction-diffusion problems leading to garnet growth with regular oscillations in the rates of either growth or diffusion of the elements through the groundmass to the edge of the growing crystal. Based on the generalized euhedral form of the oscillatory layers in the garnet considered by him and the similarity of oscillatory zoning in igneous plagioclase, Ghent favoured a kinetic control and a disequilibrium growth origin (i.e. explanation c). Other workers, however, have invoked near-equilibrium growth processes during episodic inflections of the P-T paths (Schumacher et al., 1999; Enami, 1998; Willner et al., 2000) and ⁄ or changes in garnet-producing reactions (e.g. Elvevold & Gilotti, 2000) . To be noted is that comparable debate (i.e. near-equilibrium vs. disequilibrium) exist in the interpretation of discontinuities in the zoning of garnet from lower pressure environments (cf. Yardley et al., 1991; Chernoff & Carlson, 1997; Spear & Daniel, 2001; Yang & Rivers, 2001 ) and of other high-P minerals (e.g. Maruyama et al., 1985; Ernst, 1993; Harlow, 1994; Sherlock & Okay, 1999; Banno et al., 2000) .
SAMPLES AND GEOLOGICAL SETTING
The samples come from two metre-sized blocks of eclogite occurring about 450 km apart within the so-called ÔNorthern SerpentinitesÕ, a more than 1000 km long disrupted belt of serpentinite melange and ophiolite that stretches along the north of Cuba ( Fig. 1b; see Fonseca et al., 1985; Ando´et al., , 1996 IturraldeVinent, 1996b; Proenza et al., 1999; Kerr et al., 1999 ; for aspects of the serpentinites, and Khudoley & Meyerhoff, 1971; Pardo, 1975; Draper & Barros, 1994; Iturralde-Vinent, 1996a ; Cobiella-Reguera, 2000 for reviews of Cuban geology). High-P metamorphic blocks of eclogite, garnet amphibolite, blueschist, greenschist, antigoritite, metapelite and quartzite within this serpentinite melange document subduction of oceanic lithosphere associated to convergence between the North American and Caribbean plates in Mesozoic to Tertiary times (Somin & Milla´n, 1981; Kubovics et al., 1989; Milla´n, 1994 Milla´n, , 1996a Milla´n, , 1997a . Available K-Ar ages of these blocks range from 130 to 60 Ma with a clustering about 110 ± 10 Ma (Iturralde-Vinent et al., 1996) , suggesting an Early Cretaceous age for the subduction zone where they originated.
Both sample sets, DGG6521A & B from the Holguı´n-Gibara area and LV36 and LV36A from the Sierra Alta de Agabama (Fig. 1b) , have bulk compositions (SiO 2 ¼ 46.9-49.3 wt%, K 2 O < 0.49 wt%; Table 1 ) and REE patterns (unpublished data) characteristic of N-MORB basalts. Their main metamorphic assemblage is also similar and consists (Figs 2 & 3; Table 2 ) of Fe-rich garnet (Grt) typical of the type-C eclogites of Coleman et al. (1965) , omphacite (Omp), amphibole with actinolite, magnesiohornblende, and barroisite compositions, epidote (Ep, Fe 3+ ⁄ (Fe 3+ + Al) ¼ 0.09-0.18), rutile (Rt), titanite (Ttn), and apatite (mineral abbreviations after Kretz, 1983 ; except amphibole ¼ Am, calcic amphibole ¼ Ca Am and sodic-calcic amphibole ¼ NaCa Am). Sample LV36A also bears small amounts of phengitic mica (with up to 6.4 atoms of Si per 22 oxygen). Garnet porphyroblasts (up to 3 mm in width) from both localities include epidote, rutile and titanite, plus omphacite and magnesiohornblende in DG6521 (Fig. 2a) , and quartz (Qtz) and Meschede & Frisch, 1998; and Mann, 1999) . (b) Geological sketch map of Cuba (after Iturralde-Vinent, 1996a) showing location of the northern serpentinites and sample localities. chlorite (Chl) in LV36. Quartz is not found in the groundmass of the samples. Block DG6521 is distinctive in that amphibole appears as large porphyroblasts (up to 4 mm long) that contain inclusions of omphacite, titanite, rutile and epidote and appear in textural equilibrium with garnet except for the outer actinolite rims (Fig. 2b) . Minor replacements of similar actinolite, albite (X ab ¼ 0.99-1.00), epidote and titanite (Fig. 2a,b ) point to limited late overprinting under albite-epidote amphibolite to greenschist facies conditions.
Internal foliations are absent from all types of porphyroblasts and the matrix is just faintly oriented. A remarkable feature of both samples, however, is that a variety of zoning patterns (concentric, patchy and oscillatory) are present in garnet, amphibole, omphacite and epidote, as described below.
MINERAL ZONING Sample DG6521B

Garnet
Garnet porphyroblasts display long-range core to rim zoning that involves uniform decrease in Mn with increasing Mg and Mg# ( Fig. 4a ; throughout this paper, Mg# stands for the molar ratio Mg ⁄ Mg + Fe
2+
). This is typical of prograde growth zoning in type-C garnet (Ghent, 1988) . Ca is fairly constant along this overall pattern, except for discernible peaks that do not clearly correlate with systematic variations in other elements. The outermost rims of garnet have the Mg#-richer and Mn-poorer compositions, compatible with the highest temperature attained during garnet growth (i.e. peak garnet; cf. Ghent, 1988 and see Fig. 11 below) .
Along the outer part of garnet porphyroblasts, the general pattern above is disturbed by subtle oscillations and shoulders (Fig. 4b-e) . In terms of Mn, for instance, up to four reversed layers (upturns) each about 10-20 lm in width can be distinguished (Fig. 4d) . The two inner reversals (1 & 2) are less intense and mostly euhedral. The outer two reversals (3 & 4) are more intense, and change from euhedral to anhedral within the same grain. Along the anhedral portions, the stronger Mn-reversal 3 neatly crosscuts the earlier layers, indicating that this reversal was preceded or accompanied by an episode of garnet dissolution. The Mn-reversals 2, 3, and 4 are seen to match with reversals (downturns) in Mg and Mg#, suggesting a coupled behaviour of Mn and Mg# (note, however, that the same is not observed with regard to Mn-reversal 1, where Mg and Mg# increase, Fig. 4g,h ). The distribution of Ca is uncorrelated with Mn and Mg# and displays a sharp increase at the outer part of the grains. This shoulder generally matches the end Mn-reversal 2, except for segments where the latter is absent because of the local advance of garnet dissolution associated to reversal 3 (Fig. 4d ,e,h,i).
Amphibole
In sample DG6521B amphibole displays a wide range of compositions (Si ¼ 7.09-7.70, Na(B) ¼ 0.06-0.65, S(A) ¼ 0.16-0.59, Mg# ¼ 0.64-0.90) that includes actinolite, magnesiohornblende, sporadic edenite and barroisite compositions (Fig. 3c) . For the most part these variations distribute concentrically within individual grains (Figs 2b & 5) . In the largest porphyroblasts, Mg-rich actinolite to magnesiohornblende cores (Mg# 0.85) are mantled by magnesiohornblende to barroisite with lower Mg# (down to 0.64), and finally by outer rims that trend backwards to magnesiohornblende-actinolite with relatively low Mg# ( 0.7). Rare inclusions of amphibole within garnet porphyroblasts are Mg#-rich magnesiohornblende.
As with garnet, complex oscillations occur in the mantle and rim of amphibole porphyroblasts. In the XR images of Fig. 5 , these are best revealed by Si and Al, and to some extent Na and Ti, but detailed core-to-rim compositional profiles show changes in all elements (Fig. 6) . Notably, the oscillations take place at a long-range and short-range scales (50-150 lm and <20 lm in width, respectively), and have anhedral forms largely imposed by the irregular form of the core and the shape of the inclusions (mostly of omphacite). Four long-range oscillations have been distinguished in the profiles of Fig. 6 based on the distribution of Ti(C), Al(C) and Na(B). Zone I includes the inner part of the mantle, and displays normal zoning with general increase in Al(T-C), Ti(C), Na(A), and K(A) and decrease of Mg(C) and Mg#. Zone II is located within the mantle and involves a reverse trend with decreasing Al(T-C), Ti(C), Na(B-A), and K(A), and increase in Mg(C), Mg# and Ca(B). Zone III is located at the outer part of the mantle and displays a normal trend similar to zone I, except for a distinct increase in Fe 2+ (C) and Na(B) coupled with decrease in Mg(C), Mg#, and Ca(B), and a final decrease in Al(T) along to the outer part of the zone where barroisitic compositions are attained. These barroisitic compositions have the highest Ti contents, and appear in contact with peak garnet rims (Figs 5b & 6c) . Zone IV corresponds with the latest magnesiohornblende-actinolite rim, and is characterized by a general reverse trend with significant decrease in Al(T), Al(C), Ti(C), Mg(C), Mg#, Na(B), Na(A), and K(A), and increase in Fe 
Omphacite
Omphacite has jadeite, aegirine and quadrilateral pyroxene contents in the ranges 31.3-41.8, 2.8-16.8, and 45.5-58.0 mole percentage, respectively (calculated after the procedure of Morimoto et al., 1988) . Much of this variation is due to patchy zoning in matrix grains. Some larger patches are relatively sharp and consist of areas poorer in Na and Fe total and richer in Mg, enclosed within areas richer in Na and Fe total and poorer in Mg ( Fig. 7a-e ). Subtler patchy zoning involving similar compositional changes is also discernible within the Na-richer and Na-poorer areas ( Fig. 7f-k) . Omphacite inclusions within garnet and amphibole porphyroblasts overlap in composition with the matrix grains (Fig. 7l) . Note that the positive and negative correlation of Na with Fe total and Mg, respectively, as appreciated in the XR images ( Fig. 7b-d) , conflicts with the positive correlation of Na and Mg# in the bulk of the data (Fig. 7l) . However, the latter correlation is associated with a bulk positive correlation between Na and the calculated Fe 3+ ⁄ Fe 2+ ratio, which may be an artefact of the charge-balance method for the estimation of Fe 3+ ⁄ Fe 2+ in omphacite (see Cawthorn & Collerson, 1974 for details of this problem).
Epidote
Matrix epidote display a general trend of increasing Fe 
Sample LV36
Garnet
Garnet zoning in this sample is similar to that of sample DG6521B in that: (a) Mn decreases and Mg and Mg# increase from the core to the rim (b) oscillations in Mn, Mg, Mg#, and Ca take place near the outermost garnet rims (c) the width of the oscillations in Ca does not precisely match those of other elements (d) the reversals are mostly euhedral with local irregularities, and (e) the rims have the highest Mg# and lowest Mn contents ( Fig. 9a-i ). In this case, however, the concentric zoning is overprinted by diffuse patchy zoning involving mostly Fe, Mn and Mg ( Fig. 9b-d troughs in Fe and Mn in Fig. 9a ), and clearly formed along fractures and preferred orientations ( Fig. 9b-d ) that indicate an origin after diffusive modification of the lower grade garnet interiors. Diffusion is inferred to have taken place at high-P close to peak conditions, since the modified areas trend in composition towards that of peak garnet rims and appear adjacent to fractures filled by omphacite and barroisitic amphibole (Fig. 9a-d) . To be noted is that these diffusive modifications did not affect Ca to the same extent as the other elements, in accordance with the common view that Ca diffuses slower than Fe, Mn and Mg (Loomis et al., 1985; Chakraborty & Ganguly, 1992; Schwandt et al., 1996) .
Amphibole
Sample LV36 contains no amphibole porphyroblasts, and the inner core composition of matrix grains is barroisite (Mg# 0.85) that trends towards Ti-, Al-, Fe-, Na-and K-richer barroisite (Mg# down to 0.64) similar in composition to the outer mantles of DG65421B porphyroblasts (Fig. 3c) . The Mg-richer cores present patchy zoning defined by elongated areas richer in Fe (Fig. 2c ) which suggest that diffusive modification took place along fractures, analogous and probably concomitant with the diffusive modification of coexisting garnet at high-P (the Fe-richer barroisite compositions are similar to barroisite associated to omphacite in the garnet fractures; Fig. 3c ). Later retrograde growth of amphibole is recorded by magnesiohornblende-actinolite (Mg# up to 0.75) in the rims of the matrix grains and in garnet fractures associated to albite and epidote (Fig. 3c ).
Omphacite and epidote
The compositions of these phases are comparable to those of sample DG6521B (Fig. 3b,d ). However, except for subtle patches in both phases, no significant zoning was detected. 
P-T-t EVOLUTION
Origin of amphibole
An important point concerning the petrogenesis of the studied samples, with significant implications for the interpretation of oscillatory garnet zoning, is the origin of amphibole. In particular for sample DG6521B, there are a number of arguments to strongly suggest that amphibole porphyroblasts formed during prograde metamorphism. These include: (a) the prograde character of the general core-to-outermost mantle trend (Fig. 6 ) (b) that Mg#-rich magnesiohorblende and barroisite compositions of this trend do not replace garnet or omphacite, and barroisite compositions appear in sharp contact with peak garnet rims (Fig. 5) , and (c) that omphacite is included within amphibole mantles (Figs 2b & 5) , and similar magnesiohornblende compositions are included in garnet (Fig. 2a) . Additional indirect evidence is the occurrence of oscillatory zoning within the prograde amphibole mantles, which is similar to that in garnet porphyroblasts. Only the late Fe-rich magnesiohornblende-actinolitic compositions (associated with albite) are considered to have formed after peak conditions upon decompression. In the AFM-like (Fig. 10 a,b ) diagrams, sample LV36 shows similar features with an increase in metamorphic grade, Mg# in garnet increases, and Mg# and AlNaO 2 in coexisting amphibole decrease and increase, respectively. Thus, garnet with the highest Mg# and amphibole with the highest Al (Ti, and Na(B)) are considered to represent peak eclogitic conditions. Upon retrogression, actinolite + albite formed after the peak Grt-Omp-Am assemblage.
General P-T paths
In sample DG6521B, P-T estimates using the inclusions within garnet cores yield Grt-Am-Ep values of c. 400°C and c. 15 kbar, and Grt-Omp temperatures of 400-500°C ( Fig. 10c ; see Appendix: Estimation of P-T for details of the calculation procedures). For peak conditions, Grt-Omp and Grt-Am temperatures span 500-550°C (minimum pressure of c. 10 kbar, Fig. 10c ). Along the prograde path, a general increase in pressure of unknown extent is inferred by the general coreto-mantle increase in Al(C) and Na(B) in amphibole porphyroblasts (Holland & Richardson, 1979; Laird & Albee, 1981) , as depicted in Fig. 10(c) . A similar P-T history can be deduced for sample LV36 (Fig. 10d ), but the lack of omphacite and amphibole inclusions within garnet, plus the large pre-rim compositional range of matrix amphibole, preclude estimating the early evolution. In this case the peak eclogite assemblage of Grt-Omp-Am yields c. 20 kbar at somewhat higher temperature (c. 600°C), which helps to explain the observed near-peak diffusive homogenization of garnet and amphibole interiors in this sample. Following the peak metamorphic stage of both samples, the actinolite rims of amphibole and the albite + actinolite replacements and films suggest decompression and cooling (Fig. 10c,d ). The scarcity and limited extent of these lower P-T overprints, plus the fact that the peak garnet rims were not modified by diffusion (not even in the higher grade sample LV36), suggest that rapid decompression and cooling and ⁄ or limited availability of H 2 O attended the final uplift of the blocks.
P-T fluctuations
Although a more in depth discussion of oscillatory zoning as a monitor of P-T changes is presented later, it is worth advancing here that it is indicative of episodic retrogression events along the general prograde trajectories of both samples. In this regard, the zoning of amphibole porphyroblasts from sample DG6521B is of particular significance since changes in the element distribution in the different structural sites are known to be approximate indicators of changes in P-T (Holland & Richardson, 1979; Laird & Albee, 1981) . Thus, the long-range pre-rim oscillations in these porphyroblasts (Fig. 6 ) point to a pre-peak history characterized by increasing temperature with minor changes in pressure (zone I), decreasing P-T (zone II), and increasing P-T (zone III) up to the achievement of the highest pressure obtained at near-peak temperature (i.e. the highest Na(B) and Ti(C) compositions of the outer barroisite). Within this general pre-peak history, a number of subordinate P-T fluctuations are also indicated by the short-range oscillations. Most notable among these are the ones located at the outer part of zone III, which involve relatively large changes in Na(B) (Fig. 6j) . These sharper secondary oscillations suggest that significant pressure fluctuations took place at or near-peak conditions, consistent with the stronger compositional oscillations of garnet located adjacent to the peak rims. Finally, we note that oscillations are also present within the retrograde rims of amphibole porphyroblasts, which record a substantial decrease in P-T (zone IV of Fig. 6 ), suggesting that P-T fluctuations also occurred at least at the initial stages of the final uplift of the blocks.
Age of metamorphism
Age determinations in sample LV36A (Schneider, 2000) have yielded 103.4 ± 1.4 ( 40 Ar ⁄ 39 Ar plateau date on single amphibole), 115.0 ± 1.1 ( 40 Ar ⁄ 39 Ar plateau date on single phengite) 123.1 ± 1.0-117.1 ± 0.9 (intragrain laserprobe fusion ages), and 118.2 ± 0.6 Ma (Rb ⁄ Sr isochron on phengiteomphacite-whole-rock). These are interpreted as cooling ages, since the maximum temperature attained in this sample (c. 600°C) is in excess of the blocking temperatures of the corresponding isotopic systems . Light areas denote higher concentrations. In addition to oscillatory zoning, note the diffusive patchy zoning in terms of Fe, Mn, and Mg, but not Ca. The lines in the images mark the large profile of (a), and the near-rim detailed profile (probe step: 4 lm) of (f)-(i). The background images in the detailed profiles were extracted from images (b)-(e) of Fe, Mg, Mn, and Ca.
(i.e. 500-600, 350-450, & 500-550°C, respectively). The older 40 Ar ⁄ 39 Ar ages obtained from phengite relative to amphibole are inconsistent with lower blocking temperature of the isotopic system in phengite. Since excess argon in phengite can be ruled out by the lack of intragrain age variations (Giorgis et al., 2000) , and by the consistency with the Rb ⁄ Sr age the most likely explanation for this inconsistency resides in the formation of low temperature calcic amphibole during the retrograde path of the block, and may be by a higher closure temperature for argon diffusion in phengite than usually assumed. The data do indicate that the minimum age of eclogite facies metamorphism, and hence of the processes involved in the formation of oscillatory zoning in garnet and amphibole, is pre-118 Ma (Aptian or older), while the sample experienced final uplift and cooling in Aptian-Albian times (118-103 Ma).
A MODEL OF FORMATION OF OSCILLATORY ZONING Disequilibrium vs. equilibrium
Interpreting oscillatory zoning in terms of changes in P-T is only possible if near-equilibrium was attained during its formation. Following arguments by Spear & Daniel (2001) , symptoms of disequilibrium zoning due to transport problems are divergence in the patterns followed by individual elements and the lack of zoning systematics. For oscillatory zoning, this implies lack of zoning symmetries for the significant elements, mismatch of layers and unpredictable compositional changes across the oscillations. In the samples studied, the most notable evidence in this regard is given by the zoning patterns of Ca in garnet, which in general do not correlate with those of other elements (Figs 4 & 9) Al -1 ). The tie-lines join adjacent grains, while the shaded areas mark the peak eclogitic and retrograde assemblages. The arrows trend in the direction of general prograde (solid) and retrograde (dashed) metamorphism. In the P-T diagrams, the oscillatory zoning in the minerals from both samples is represented schematically by minor prograde-retrograde fluctuations (see Appendix for details on the P-T calculations).
are hence likely to have been influenced by transport difficulties and ⁄ or episodic release ⁄ retention of Ca from dissolving ⁄ growing phases (cf. Chernoff & Carlson, 1997; Spear & Daniel, 2001 ). On the other hand, largescale changes of Fe, Mn and Mg in garnet, and of Si, Al, Ti, Fe, Mg, Ca, Na, and K in amphibole, are uniform and generally consistent, suggesting near-equilibrium during their formation. The subtler small-scale oscillations in both phases involve similar compositional changes, so the same conclusion of near-equilibrium during their formation is favoured. The implications are that the changes in Ca of garnet cannot be quantitatively related to changes in P-T with confidence, but that for other elements equilibrium models can provide indications of the nature of the P-T fluctuations.
Development of zoning at near-peak conditions A major problem in developing model P-T-X relationships that could apply to the oscillations in garnet and amphibole is that their formation is likely to have involved lower grade phases that are no longer present. Chlorite, found as scarce inclusions within LV36 garnet, probably contributed to formation of both phases, but albite and glaucophane, which are common in lower grade greenschist, blueschist, and amphibolite blocks from the same melange (Somin & Milla´n, 1981; Milla´n, 1994 Milla´n, , 1996a , may have also participated to some unknown extent. Hence, the nature of the P-T fluctuations can be estimated only for the latest stage of prograde metamorphism, when the lower grade phases were totally consumed and the assemblage Grt + Omp + Am + Ep + Rt + Ttn was formed. The model that follows does hence apply for oscillations formed within this assemblage at near-peak conditions.
Model P-T-X relations
Isopleths of mineral abundance and composition for the assemblage Grt + Omp + Am + Czo + Rt + Ttn in the system SiO 2 -TiO 2 -Al 2 O 3 -FeO-MgO-CaONa 2 O-H 2 O are plotted in Fig. 11 . The dP ⁄ dT slopes of mineral abundance are all negative, a result consistent with that obtained by Carson et al. (1999) for quartzbearing eclogites. As shown, the moles-of-garnet and -of-amphibole isopleths coincide, and the predicted changes in mineral abundance upon changing P-T imply garnet growth upon amphibole dissolution and vice versa. Note also that, even if the use of different thermodynamic properties might lead to changes in the location of isopleths, near-coincidence would nonetheless be imposed by mass-balance constraints in normal metabasite systems, making amphibole and garnet present on opposite sides of reactions triggered by nearly every conceivable P-T vector (cf. Carson et al., 1999) . Hence, under most circumstances, formation of oscillations in amphibole and garnet should have involved recurrent events of dissolution and growth of both phases. This would be consistent with the occurrence of discontinuities and crosscutting relationships in the outer oscillatory layers of DG6521B garnet, so it will explored in some detail first.
Model expectations for recurrent growth-dissolution events
As shown in Fig. 11 , dissolving garnet and growing amphibole with decreasing Mg# are predicted to occur along P-T vectors with a wide range of orientation, although most of them involve decreasing P-T (the area and vector named -Grt-Mg# in Fig. 11 ). Under these circumstances, diffusive formation of reverse layers with decreasing Mg# (and increasing Mn) at the 14 16 18 20 Pressure (kbar)
+Grt-Mg# Fig. 11 . Calculated phase relationships among garnet, omphacite, amphibole, clinozoisite, rutile, titanite and H 2 O-fluid within the SiO 2 -TiO 2 -Al 2 O 3 -FeO-MgO-CaO-Na 2 O-H 2 O system using program Gibbs (Spear & Menard, 1989 ; January 2000 thermodynamic data base). Clinozoisite, rutile, titanite and H 2 O-fluid are pure phases, while garnet is treated as a Fe-Mg-Ca solution (3-site mixing model after Berman, 1990) , omphacite as a diopside-hendebergite-jadeite solution (2-site mixing model after Spear, unpublished) , and amphibole an Fe-Mg solution (1-siteideal mixing model, with the formula Si 6 Al 3.7 (Fe,Mg) 3.3 Ca 2 Na 0.3 O 22 (OH) 2 , after Spear, unpublished). The starting conditions for the calculations (star) are as follows: P ¼ 17 kbar;
and H 2 O ¼ 0%. H 2 O-fluid is allowed to fractionate (leave ⁄ enter the system) along the projected isopleths. The small arrows adjacent to the labels of the minerals (moles) and chemical variables indicate the direction of increasing contents. The shaded sectors indicate the P-T fields (relative to the star) where Mg# in growing ⁄ dissolving garnet decreases or increases.
dissolving rims of garnet, and over scales of a few tens of lm, as observed at reversals 2, 3 and 4 of DG6521B garnet (Fig. 4c,d ), is not precluded by available diffusion data for Fe-Mg-Mn at near-peak temperatures of £ 600°C and for cooling rates of 10°C ⁄ Myr or less ( Fig. 12 ; see also Ducheˆne & Albare`de, 1999) . Amphibole growth after garnet dissolution, on the other hand, is supported by the peaks and shoulders in Mn and Fe at the outer mantles of amphibole (zone III of Fig. 6 ). Figure 11 also shows that growing garnet and dissolving amphibole with increasing Mg# (and decreasing Mn) would be expected from a wide range of orientations of P-T vectors, although most of them involve increase in P-T as expected for subductionrelated paths (the area and vector named + Grt + Mg# in Fig. 11 ). The lack of experimental studies on interdiffusion of significant elements within amphibole (i.e. involving combinations exchange vectors such as Al-tschermak -Al 2 Mg -1 Si -1 , Ti-tschermak -TiAl 2 Mg -1 Si -2 , edenite -(K,Na)Al(o) -1 Si -1 , and plagioclase -NaSiCa -1 Al -1 ) precludes estimation of its potential effect in the formation of oscillatory zoning. The evidence provided by the samples themselves, however, suggest that that interdiffusion within amphibole was sluggish enough to preclude large-scale re-equilibration, but efficient enough to allow small-scale re-equilibration (i.e. elongated diffusive patches in the cores of matrix amphibole from LV36, Fig. 2c ). Hence, that some degree of diffusive readjustment had taken place at the rims of dissolving amphibole when close to peak conditions cannot be ruled out. Variations in Al(C) and Na(B) are not considered in Fig. 11 , but the increase in these elements at the normal layers of the outer mantles of amphibole would be consistent with prograde dissolution amphibole.
Influence of fluid availability
As commented above, faint retrogression events at near-peak conditions can explain the formation of subtle oscillations in amphibole and garnet. Yet, the model expectations involve garnet dissolution, and this would seemingly conflict with the common euhedral shapes of the reverse layers in garnet. In this regard we note that the extent of garnet dissolution during retrogression, and hence the degree of euhedralism of reverse layers, would critically depend on the availability of the reactant fluid. For example, for cooling and decompression of DT ¼ )20°C and DP ¼ )500 bar, the reaction (molar units, calculated using Gibbs program as in Fig. 11 (1) would be expected to rapidly consume all H 2 O available within the negligible porosity at high pressure, its advance being controlled by the local availability of fluid. Limited, heterogeneous availability of fluid could thus provide a feasible explanation for the paradox of having single reverse layers that change from euhedral to anhedral forms over small distances (Fig. 4d) , in which case the (near-) euhedral form of reverse layers indicate limited dissolution, rather than growth. The process could proceed repeatedly given that the system would return to H 2 O-saturated conditions during ensuing prograde events which trigger reactions in the sense of dehydration. Critical dependence on the availability of fluid does also mean that the extent of garnet dissolution cannot be confidently used as a measure of the magnitude of retrograde events. During prograde events, however, the extent of amphibole consumption would be essentially controlled by the extent of P-T changes, which certainly were of small magnitude to judge from the subtle nature of associated compositional changes in both amphibole and garnet.
Retrograde garnet growth events
Theoretical predictions do not completely exclude that the reverse (i.e. retrograde) layers in garnet had formed upon growth. This would require following retrograde vectors that involve increasing pressure (the area and vector labelled Ô + Grt-Mg#Õ in Fig. 11 ). Yet, because of the low angle of intersection for pairs of Mg#-in-garnet and moles-of-garnet isopleths, these type of vectors would have a more restricted range of orientation in P-T space relative to vectors appropriate for the formation of a reverse layer by dissolution. As Closure temperature (T c ) of diffusion for Mg in garnet using the diffusion data of Loomis et al. (1985) and Chakraborty & Ganguly (1992) vs. cooling rate (dT ⁄ dt) calculated after Dodson, 1973 ) equation for spherical particles of various radii. commented earlier, the use of different thermodynamic properties and solutions models might relax these tight orientation constraints but, as far as the overall model relations are maintained, formation of a series of reversals upon garnet growth within the assemblage Grt + Omp + Am + Ep + Rt + Ttn would seem to be unlikely. Note, however, that this conclusion would not necessarily apply to the most internal reverse layers in garnet if a different assemblage was present at the time of their formation.
CONCLUDING REMA RKS Proposed origin of oscillatory zoning
Our analysis supports that the zoning oscillations resulted from minor alternating retrograde and prograde events (i.e. P-T fluctuations), and that coupled dissolution-growth of garnet and amphibole was involved in the formation of the compositional discontinuities. However, inasmuch as available evidence is incomplete and not completely unequivocal, some aspects of the general interpretation above deserve further comment. The dominantly euhedral shape of the layers in garnet, for instance, could be taken as evidence for formation of both normal and reverse layers upon continuous garnet growth. Yet, the euhedral forms were contemporaneous (along layer) with limited dissolution of garnet, which suggests that euhedral shapes were just retained (as a likely consequence of scarcity and non-uniform availability of internally derived fluids), rather than being unequivocal evidence for continuous growth. In this regard we note as well that oscillatory zoning and compositional contrast between adjacent layers were certainly enhanced by re-equilibration (through volume diffusion) at the rims of the dissolving phase, a process that is largely independent of fluid availability and that would produce reverse layers in garnet and normal layers in amphibole. Finally, we stress that our preferred dissolution-growth model applies best to near-peak eclogitic conditions, where evidence for coupled formation of oscillatory features in garnet and amphibole is apparent. The more internal oscillations in amphibole, and perhaps some of the earlier oscillations in garnet, could have involved growth (rather than dissolution-growth) if they originated within a different lower grade assemblage. Indeed, the unknown assemblage history of the samples, plus probable disequilibrium distribution of Ca within garnet, preclude any precise reconstruction of the reaction path and P-T histories followed by these blocks during the time in which the oscillations originated. The extent and complexity of oscillatory zoning in amphibole from sample DG6521B would nonetheless suggest that P-T fluctuations attended a significant part of the pre-and postpeak trajectory of the eclogite blocks, as schematically depicted in Fig. 10 .
Implications for subduction
One additional remarkable feature of the samples studied is that strikingly similar features are found in blocks that are currently located several hundred kilometres apart from each other (Fig. 1) . This suggests that the P-T fluctuations inferred from oscillatory zoning of garnet and amphibole reflect some general tectonic process affecting the subducting slab. The nature of such process (or processes) is not directly constrained, but we note that the requirements would not fit within steady-state models of subduction where the plate contact is sharp and defined by a single major fault. This type of model may accommodate variations in subduction velocity, subduction angle and shear heating (e.g. Peacock, 1996) all of which should translate into prograde inflections of the subduction paths (e.g. Willner et al., 2000) rather than into retrograde inflections. For retrograde events to occur, episodic movement in the direction opposite to subduction would be needed. One possible scenario is that the oscillations reflect slab rupture and episodic upward movement of slices of eclogitized crust, accompanying their detachment and accretion to the upper plate mantle and the formation of their enclosing serpentinite me´lange. Besides being supported by the common occurrence of high-P antigoritite serpentinites in the Northern Serpentinite Melange of Cuba (Somin & Milla´n, 1981; Milla´n, 1994 Milla´n, , 1996a , this scenario allows that episodic upward movements of subducting eclogitic slices resulted from the buoyancy forces acting on the nascent serpentinite me´lange, previous to final exhumation at a more evolved stage when larger volumes of serpentinite were involved in the process (cf. Hermann et al., 2000) . Slab rupture, underplating and melange formation might be an intrinsic feature of subduction systems, analogous to the upward-downward circulation of subducted sediment (and serpentinite?) me´lange that is predicted in the subduction-channel model of Cloos & Shreve (1988a,b) for particular circumstances of convergent margins. Alternatively, however, the processes recorded in the oscillations of the blocks from Cuba could have been related to specific tectonic development of the Caribbean region. In this regard we note that the clustering around 110 ± 10 Ma (IturraldeVinent et al., 1996) of available K ⁄ Ar radiometric ages obtained from blocks within the Northern Serpentinite Melange of Cuba (which is in good agreement with our Ar 40 ⁄ Ar 39 and Rb ⁄ Sr results), suggests that the major stage of melange formation and uplift of high pressure rocks took place in the late Early Cretaceous, which coincides in time with a postulated arrest of the subduction zone where the blocks likely originated (Kerr et al., 1999) . Further, a major reorganization of plates and subduction systems in the Caribbean region took place in those times (see Pindell & Barrett, 1990; Pindell, 1996; Meschede & Frisch, 1998; Mann, 1999) which has been related, for example, to Albian-Aptian
